Toxoplasma gondii is an obligate intracellular protozoan parasite, which infects a wide range of intermediate hosts that include different species of birds and mammals, including humans. The tachyzoites, the rapid multiplying form of the parasite, can invade and replicate within all nucleated cells and, if left unchecked by the immune system, causes extensive tissue damage and death of the intermediate host (11). Resistance to acute infection with T. gondii in the murine model is highly dependent on endogenous gamma interferon (IFN-␥) (11, 12, 37, 43) . Soon after initial infection in the intermediate host, T. gondii tachyzoites trigger the synthesis of interleukin-12 (2, 12, 13, 23, 34) and other costimulatory cytokines (13, 17, 22, 23) , which initiate the synthesis of IFN-␥ by NK cells (13, 23) and CD4 ϩ CD8 Ϫ ␣␤ ϩ T lymphocytes (12). IFN-␥ combined with tumor necrosis factor alpha will activate macrophages to produce high levels of reactive nitrogen intermediates (RNI) that are involved in the control of parasite replication (1, 26). However, RNI is only one of the IFN-␥-inducible mechanisms involved in the control of tachyzoite replication, and mice treated with inducible nitric oxide synthase (iNOS) inhibitor (20) or deficient in iNOS (38) are relatively more resistant than mice treated with neutralizing antibodies to IFN-␥ (12) or deficient in IFN-␥ or IFN-␥ receptor (10, 37). Thus, additional effector mechanisms induced by IFN-␥ and active during early experimental infection with T. gondii in the mouse model still have to be defined (11, 21) .
Toxoplasma gondii is an obligate intracellular protozoan parasite, which infects a wide range of intermediate hosts that include different species of birds and mammals, including humans. The tachyzoites, the rapid multiplying form of the parasite, can invade and replicate within all nucleated cells and, if left unchecked by the immune system, causes extensive tissue damage and death of the intermediate host (11) . Resistance to acute infection with T. gondii in the murine model is highly dependent on endogenous gamma interferon (IFN-␥) (11, 12, 37, 43) . Soon after initial infection in the intermediate host, T. gondii tachyzoites trigger the synthesis of interleukin-12 (2, 12, 13, 23, 34) and other costimulatory cytokines (13, 17, 22, 23) , which initiate the synthesis of IFN-␥ by NK cells (13, 23) and CD4 ϩ CD8 Ϫ ␣␤ ϩ T lymphocytes (12) . IFN-␥ combined with tumor necrosis factor alpha will activate macrophages to produce high levels of reactive nitrogen intermediates (RNI) that are involved in the control of parasite replication (1, 26) . However, RNI is only one of the IFN-␥-inducible mechanisms involved in the control of tachyzoite replication, and mice treated with inducible nitric oxide synthase (iNOS) inhibitor (20) or deficient in iNOS (38) are relatively more resistant than mice treated with neutralizing antibodies to IFN-␥ (12) or deficient in IFN-␥ or IFN-␥ receptor (10, 37) . Thus, additional effector mechanisms induced by IFN-␥ and active during early experimental infection with T. gondii in the mouse model still have to be defined (11, 21) . Indoleamine 2,3-dioxygenase (INDO) is an enzyme that catalyzes the initial rate-limiting step of tryptophan (Trp) catabolism to N-formylkynurenine and kynurenine (Kyn) (21, 44) . Many human cell lines express INDO upon stimulation with IFN-␥. Restriction of available Trp due to degradation by INDO leads to the control of various intracellular pathogens, including T. gondii, in both nonprofessional phagocytic cells (NPPC) and professional phagocytic cells (PPC) (4, 5, 7, 8, 28, 29, 32, 39, 45) . In the absence of Trp, an essential amino acid for T. gondii, parasite growth also becomes restricted (32, 36, 41) . In fact, in human NPPC the induction of INDO appears to be the main mechanism by which IFN-␥ controls the intracellular replication of T. gondii tachyzoites (4, 5, 7, 8, 29, 32) .
The INDO activity and the Trp-Kyn metabolic pathway can be induced in murine tissues under various conditions (21, 27, 35, 36) . However, it has been difficult to demonstrate the role of INDO and Trp degradation in the control of tachyzoite replication in cell lines of mouse origin (18, 19, 40) . In addition, no information is available about the induction of the Trp-Kyn metabolic pathway and its possible role in the restriction of parasite replication during in vivo experimental infection with T. gondii. In the present study, we evaluated the induction of INDO mRNA, Trp degradation, and Kyn formation during infection with T. gondii. Our results show that during the early stage of infection with T. gondii in the mouse model, INDO mRNA expression, Trp degradation, and Kyn formation are induced by endogenous IFN-␥ in an IFN regulatory factor 1 (IRF-1)-dependent manner. In contrast, the Trp-Kyn metabolic pathway is active and may contribute to the early resistance to T. gondii in iNOS-and TNF receptor p55 (TNFRp55)-deficient mice.
MATERIALS AND METHODS

Animals. IFN-␥
Ϫ/Ϫ and iNOS Ϫ/Ϫ mice were originally obtained from the Jackson Laboratory (Bar Harbor, Maine). The TNFRp55 Ϫ/Ϫ matrices were kindly provided by Klaus Pfeffer (Technical Institute of Hygiene, University of Munich, Munich, Germany) (31) . The IFN-␥ Ϫ/Ϫ , iNOS Ϫ/Ϫ , and TNFRp55
Ϫ/Ϫ mice were all in the C57BL/6 genetic background. The IRF-␥ Ϫ/Ϫ mice were originated and maintained in the 129 genetic background (33) . The wild-type (WT) and knockout mice, on either a 129 or C57BL/6 background, were bred as homozygotes and kept in the Laboratory of Gnotobiology, Department of Biochemistry and Immunology, Biological Sciences Institute, UFMG. The mice were housed under specific-pathogen-free conditions. All of the animals used for the experiments were females aged 8 to 12 weeks.
Experimental infections. The low-virulence ME-49 strain of T. gondii was used to infect animals in this experiment. Cysts were harvested from the brains of C57BL/6 mice that had been inoculated 1 month beforehand with approximately 20 cysts by the intraperitoneal route. For experimental infections, knockout and WT mice received 10 ME-49 cysts in a volume of 0.1 ml by the intraperitoneal route.
Quantification of tissue parasitism by immunocytochemistry. In these experiments, IRF-1 , and 30 days) were killed on different days postinfection as indicated in the parentheses. Brain, lung, liver, and spleen tissue samples were removed, fixed in 10% buffered formalin, and processed routinely for paraffin embedding and sectioning. Sections (4 m) were cut from the organs and used for immunocytochemistry.
For immunocytochemistry, deparaffinized sections were subjected to antigenic unmasking in a microwave oven. The sections were incubated for 30 min at 37°C in 2% unlabeled sheep serum to reduce nonspecific binding and then incubated in polyclonal rabbit antibody against whole parasites of the RH strain of T. gondii (total antigen parasite), at 4°C overnight. Secondary biotinylated antibodies were sheep anti-rabbit antibodies. The sensitivity was improved with the avidin-biotin technique (ABC kit, PK-4000; Vector Laboratories, Inc., Burlingame, Calif.). The reaction was visualized by incubating the sections with 3,3Ј-diaminobenzidine tetrahydrochloride (Amresco, Solon, Ohio) for 5 min. Control slides were incubated in the unlabeled rabbit serum. The slides were studied with an Olympus microscope.
The immunocytochemical staining was measured by morphometric analysis. The images generated by our immunocytochemistry assay were captured in a Zeiss Axiolab microscope connected to JVC/TK-1270 video camera and a computer-digitized plate. The images were analyzed by Kontron Elektronic GMBH (KS300) software. The parasite load was measured in three noncontiguous sections (40 m apart) in 40 fields per section (original magnification ϫ 400) in a blinded fashion, measuring the total parasite antigen expression per square micrometer (42) . Low background staining was observed in our immuncytochemistry slides. It is also of note that the digital camera was programmed to capture well-defined spots with intense staining and not diffuse staining.
Semiquantitative PCR. The tissue parasitism was also measured by a semiquantitative PCR detecting the 35-copy B1 gene of T. gondii (16) . We used, as the template in PCR, DNA extracted from paraffin-embedded tissue (15) of T. gondii-infected animals. The PCR was performed in a volume of 20 l containing 25 ng of DNA and the PCR buffer, which consists of 0.02 mM each deoxynucleoside triphosphate, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 10 M each primer 5ЈTCTTCCCAGAGGTGGATTTC3Ј (sense, nucleotides 151 to 171) and 5ЈCTCGACAATACGCTGCTTG3Ј (antisense, nucleotides 682 to 663), and 0.1 U of TaqPolimerase (CENBIOTIC, Porto Alegre, RS, Brazil). After initial incubation for 3 min at 95°C, samples were subjected to cycles of denaturing at 94°C for 1 min, annealing for 1.2 min at 62°C, and extension for 2 min at 72°C. After 38 cycles, the program executed a final extension of 7 min at 72°C. The products were electrophoresed in 6% polyacrylamide and developed by silver staining. Then the intensity of the B1-specific PCR product in tissues from knockout and WT mice was measured by densitometric analysis.
High-pressure liquid chromatography (HPLC) determination of tryptophan and kymurenine. Control and infected mice were sacrificed at different times postinfection, and different organs (i.e. liver, spleen, lungs, and brain) were harvested, washed in phosphate-buffered saline and frozen at Ϫ70°C until use. The sera were obtained from blood samples collected from the brachial plexus and subjected to clotting and centrifugation. The serum samples were frozen at Ϫ70°C until use. Total free Trp and Kyn were quantified in serum and tissues by HPLC (30, 46) . A 1-ml volume of serum was mixed with 0.2 ml of 30% trichloroacetic acid and centrifuged at 2,000 ϫ g for 5 min. The supernatant was filtered through a 0.45-m-pore-size filter. The tissues were homogenized for 0.5 min in ice-cold 0.16 M perchloric acid containing 0.1% EDTA and 0.1% ascorbic acid and centrifuged at 20,000 ϫ g for 20 min, and the supernatant was filtered. The chromatography was performed in a Shimadzu LC-10A liquid chromatograph. The chromatographic separation was achieved using a 250-by 4.6-mm (inner diameter) C 18 reverse-phase column (particle size, 4 m; Aquapore RP-300 C-18). For Trp measurement, the column was eluted isocratically at flow rate of 1.0 ml/min with 0.02 M sodium phosphate buffer (pH 5.9) or 0.015 M sodium acetate (pH 4.5) containing 15% methanol for analysis of serum and tissue samples, respectively. For Kyn determination, the column was eluted with acetonitrile at a 1:47 dilution in 0.1 M acetic acid-0.1 M ammonium acetate (pH 4.65). The absorbance of the column effluent was monitored at 280 and 365 nm for Trp and Kyn respectively. The peaks of Trp or Kyn were identified by comparison with the retention times of standard compounds (Sigma), and quantification was based on the ratios of the peak areas of compound to the internal standard.
Reverse transcription-PCR analysis. Lung fragments were harvested and placed in 0.5 ml of RNAzol solution (Cinna/Biotecx, Friendwood, Tex.) and homogenized, and RNA was extracted as previously described (14) . Then 0.5g of RNA was reverse transcribed using Moloney murine leukemia virus Reverse transcriptase (GIBCO BRL) and used as template in the PCR employing a housekeeping gene hipoxantine phosphoribosyl transferase (HPRT)-INDOiNOS-or IFN-␥-specific primers. The PCR was performed in 10 l of reaction mixture containing samples diluted in buffer consisting of 200 M deoxynucleoside triphosphates, 10 mM Tris-HCl (pH8.3), 50 mM KCl, 1.5 mM MgCl 2 , 5 M each primer, and 0.05 U of TaqPolimerase. After initial incubation for 3 min at 95°C, samples were subjected to cycles of denaturing at 94°C for 1 min, annealing for 1 min, and extension at 72°C for 2 min. After the designated cycle numbers for each primer, the program executed a final extension of 7 min at 72°C. The products were electrophoresed in polyacrylamide and developed by silver staining. The PCR products were standardized using HPRT. The primer sequences (sense and antisense sequences) used, PCR product size, numbers of cycles, and annealing temperature used in cDNA amplification each are listed below: HPRT, 5ЈGTTGGATACAGGCCAGACTTTGTTG3Ј and 5ЈGATTCAACTTG CGCTCA-TCTTAGGC3Ј, 162 bp, 30 cycles, 54°C; INDO, 5ЈCCTGTGCTGAT TGAGAACGG3Ј and 5ЈTAATGAGCTATGACAGGATG3Ј, 1,133 bp, 35 cycles, 63°C; iNOS, 5ЈCATGGCTTGCCCCTGGAAGTTTCTCTTCAAAG3Ј and 5ЈGCAGCATCCCCTCTGATGGTGCCATCG3Ј, 832 bp, 35 cycles, 56°C; IFN-␥: 5ЈGGTGACATGAAAATCCTGCAGAGC3Ј and 5Ј-CGCTGGACCTG TGGGTTGTTGACC3Ј, 237 bp, 29 cycles, 64°C.
Statistical analysis. Statistical determinations of the difference between means of experimental groups were performed using the unpaired two-tailed Student t test.
RESULTS
IFN
؊/؊ and IRF ؊/؊ mice are highly susceptible to acute infection with T. gondii. In our initial studies we employed WT, IFN-␥ Ϫ/Ϫ , INOS Ϫ/Ϫ , and TNFRp55 Ϫ/Ϫ mice, all in the C57BL/6 genetic background, and evaluated their susceptibility to infection with the ME-49 strain of T. gondii, as measured by cumulative mortality and host tissue parasitism. As shown in previous studies (12, 37, 43) , the IFN-␥ Ϫ/Ϫ mice were highly susceptible, and all the IFN-␥ Ϫ/Ϫ mice succumbed to T. gondii infection at day 10 postinfection (Fig. 1, left panel) . In contrast, iNOS Ϫ/Ϫ and TNFRp55 Ϫ/Ϫ mice were relatively more resistant to T. gondii infection (9, 38, 48) , surviving up to 30 days postinfection (Fig. 1, left panel) . The WT mice survived at least 40 days postinfection but were all infected, as indicated by the serology, histopathology, and immunocytochemistry analyses. The results presented in Table 1 show that the tissue parasitism in peripheral organs (i.e., liver, lungs, and spleen) was dramatically enhanced in the IFN-␥ Ϫ/Ϫ mice but not in the iNOS
and TNFRp55 Ϫ/Ϫ mice compared to WT mice. Our immuno-cytochemistry assay was highly sensitive, being able to detect a single tachyzoite ( Fig. 2A ) and being devoid of nonspecific staining (Fig. 2) . The tissue parasitism was also measured by a semiquantitative PCR detecting the T. gondii B1-specific gene ( (Fig. 3B) . The results with TNFRp55 Ϫ/Ϫ , IRF-1 Ϫ/Ϫ , and 129 mice were similar to the ones with iNOS Ϫ/Ϫ , IFN-␥ Ϫ/Ϫ and C57BL/6 mice, respectively (data not shown). The quantification of parasites by immunocytochemistry and by semiquantitative PCR showed a high positive correlation, as is shown in Fig. 3C . The mortality of iNOS Ϫ/Ϫ and TNFRp55 Ϫ/Ϫ mice was associated with enhanced tissue parasitism in the lungs and central nervous system (CNS) after 20 days postinfection (Table 1 ; Fig. 2B and 3B) .
In vitro studies show that IRF-1 mediates the expression of different genes induced by IFN-␥, including INDO and iNOS (3) . Therefore, we evaluated the susceptibility of IRF-1 Ϫ/Ϫ mice to infection with T. gondii. In a previous study (25) , IRF-1 Ϫ/Ϫ mice in the C57BL/6 genetic background were shown to be more susceptible than WT mice when infected with 1,000 or 500 tachyzoites of the PLK strain of T. gondii per mouse. According to these findings, we found that IRF-1 Ϫ/Ϫ mice were highly susceptible to infection with 10 cysts of the ME-49 strain, in contrast to WT mice, both of which are in the 129 genetic background. Under the conditions used in our experiments, the susceptibility of IRF-1 Ϫ/Ϫ mice to T. gondii infection was comparable to that observed for the IFN-␥ Ϫ/Ϫ mice. All IRF-1 Ϫ/Ϫ mice succumbed to infection by day 8 postinfection (Fig. 1, right panel) , and mortality was associated with an intense tissue parasitism in the various peripheral organs (Table 1) . Together, our results indicate that IFN-␥ and IRF-1 are crucial elements of innate resistance to early toxoplasmosis whereas iNOS and TNFRp55 appear to be active elements in the effector mechanism triggered by acquired immune responses during later stages of T. gondii infection in mice.
Kinetics of Trp degradation and Kyn formation during infection with T. gondii. To investigate the induction of INDO activity and Trp-Kyn metabolic pathway during infection with T. gondii, we measured the levels of Trp and Kyn in different tissues and sera from infected WT mice. The serum, liver, spleen, lungs, and CNS were harvested at different times postinfection, and levels of Trp and Kyn were evaluated by HPLC with Trp and Kyn as standards. As shown in Fig. 4 , decreased levels of Trp and increased levels of Kyn were detected in sera from mice infected from 5 to 30 days postinfection. No major changes in Trp levels were observed in the liver or spleen from infected animals. A small increase in Kyn levels was observed in the spleen but not in the liver of animals 7 and 8 days after infection with T. gondii. A small but significant decrease in Trp levels in the CNS was observed at 20 days after infection with T. gondii. The changes in Kyn levels were more pronounced, and a significant increase of Kyn levels was observed in the CNS at 7, 10, and 20 days postinfection.
More dramatic changes in Trp and Kyn levels were observed in the lungs; the levels of Trp were mostly reduced by 5 days postinfection, and at days 10 and 20 postinfection they were below the limit of detection. The decrease in Trp levels was associated with a dramatic increase in the Kyn concentration in the lungs of animals infected for 5 to 30 days. The chromatograms on the right (Fig. 4) show the peak of Trp (5.05 min) and Kyn (5.68 min) levels in the lungs from uninfected control (top panels) and infected (bottom panels) mice. The results for INDO mRNA, as measured by RT-PCR, were consistent with the levels of Trp and Kyn in the lungs from uninfected and T. gondii-infected mice. Expression of INDO mRNA in the lungs was absent in uninfected animals. After infection with T. gondii, expression of INDO mRNA was noticeable at 5 days postinfection, maximal at 10 days postinfection, and persisted at high levels at 20 days postinfection. Maximal expression of INDO mRNA was associated with expression of high levels of IFN-␥ mRNA in the lungs from infected mice (Fig. 5) .
After 20 days postinfection, the levels of Trp and Kyn in the lungs, CNS, and/or sera from T. gondii-infected mice returned to those similar to the ones observed in tissues from uninfected animals. Identical results were obtained when tissues and sera from 129 and C57BL/6 mice infected with T. gondii were compared (data not shown). mice. In contrast, diminished expression of iNOS mRNA was found in the lungs from TNFRp55 Ϫ/Ϫ mice (Fig. 5) . Consistent with the results found for INDO mRNA expression (Fig. 5) , Trp degradation and Kyn formation were comparable in the lungs from WT, iNOS Ϫ/Ϫ , and TNFRp55 (Fig. 6) . A major decrease in Trp levels was observed in the sera from all knockout mice at 8 days postinfection (Fig. 6) , including the IFN-␥ Ϫ/Ϫ and IRF-1 Ϫ/Ϫ , indicating that the control of Trp levels in the sera from infected mice was independent of endogenous IFN-␥ as well as IRF-1. In contrast, an increase in the levels of Kyn was observed in sera from WT, iNOS Ϫ/Ϫ , and TNFRp55 Ϫ/Ϫ mice (Fig. 6) but not from IFN-␥ Ϫ/Ϫ and IRF-1 Ϫ/Ϫ mice (Fig. 6 ) infected with T. gondii.
DISCUSSION
Different studies indicate that RNI is only one of the mechanisms induced by IFN-␥ and involved in host resistance to T. gondii (11, 24, 38) . It has also been suggested that in the murine model, induction of iNOS and the consequent action of RNI is the main mechanism responsible for the in vivo control of tachyzoite replication by PPC but not by NPPC (47) . The mechanism responsible for the control of tachyzoite replication in NPPC still has to be defined. Substantial evidence indicates that induction of INDO expression and consequent Trp degradation, triggered by cytokines (mainly IFN-␥), is largely responsible for the inhibition of intracellular T. gondii replication in human NPPC (4, 5, 7, 8, 29, 32) . Intriguingly, it has been difficult to demonstrate the role of INDO activity and Trp degradation in the control of tachyzoite replication in cell lines of mouse origin (18, 19, 40) , despite the fact that this metabolic pathway is operative in mouse tissues (21, 27, 35, 36) . Additionally, the in vitro control of T. gondii in astrocytes were shown to be independent of iNOS and INDO (18, 19) . The present study represents our efforts to demonstrate the induction of INDO expression and the Trp-Kyn metabolic pathway during infection with T. gondii. Initially, we infected WT mice, either in the C57BL/6 or in the 129 genetic background, with the ME-49 strain of T. gondii and measured the levels of Trp and Kyn in different tissues and in sera at different times postinfection. Our results show decreased levels of Trp in sera, lungs, and CNS but not in the liver and spleen of infected mice. Concomitant with the decrease in the Trp levels in the sera, lungs, and CNS of infected animals, we observed increased levels of kyn, a direct product of Trp catabolism by INDO. The maximal changes in Trp and Kyn levels were observed between days 5 and 20 postinfection; the levels returned to those similar to the levels in the control uninfected animals after 20 to 30 days postinfection. Although statistically significant, the effects observed in the sera and CNS were only partial and relatively small, compared to those observed in the lungs. Therefore, we focused our study mainly in the pulmonary tissue, which was found to be an important site of parasite replication during acute infection with T. gondii. Consistent with the measurements of Trp and Kyn levels, we observed that the expression of INDO mRNA in the lungs was noticeable by 5 days postinfection and peaked around 10 to 20 days postinfection. These findings are in accordance with previous studies demonstrating that in vivo INDO activity in mice was observed mainly in the pulmonary tissue during viral infection (50) and during systemic stimulation with lipopolysaccharide or pokeweed mitogen (49) .
In vitro as well as in vivo studies (21, 32, 36, 39, 44) have demonstrated that IFN-␥ is the most effective cytokine in its ability to stimulate INDO expression and Trp degradation, both in cells of human origin and in the mouse model. In addition, IRF-1, a transcription factor induced by IFN-␥, is essential for induction of INDO in human cell lines (6) . Therefore, we investigated whether the expression of INDO mRNA, Trp degradation, and Kyn formation would also occur in IFN-␥ Ϫ/Ϫ and IRF-1 Ϫ/Ϫ mice infected with T. gondii. In agreement with the intense parasitism in the lungs, we observed that INDO mRNA expression was completely absent in the lungs from IFN-␥ Ϫ/Ϫ and IRF-1 Ϫ/Ϫ mice at 7 to 10 days after infection with T. gondii. Consistently, we found no major changes in the levels of Trp and Kyn in the lungs of IFN-␥ Ϫ/Ϫ and IRF-1 Ϫ/Ϫ mice infected with T. gondii. Similar findings were observed in the brain tissue from IFN-␥ Ϫ/Ϫ and IRF-1 Ϫ/Ϫ mice infected with T. gondii. In contrast, we found that the Trp levels in the sera from infected mice were not under control of IFN-␥ and IRF-1. These findings indicate that the serum Trp levels from infected mice are not determined by INDO activity and may reflect a diminished food intake by infected mice, as determined in our experiments (data not shown).
Because iNOS Ϫ/Ϫ (24, 38) and TNFRp55 Ϫ/Ϫ (9, 48) mice were shown to be relatively more resistant to T. gondii infection than were IFN-␥ Ϫ/Ϫ and IRF-1 Ϫ/Ϫ mice, we investigated the expression of INDO mRNA as well as the levels of Trp and Kyn in the lungs from those animals. Our results indicate that INDO was highly expressed in the lung tissues from both iNOS Ϫ/Ϫ and TNFRp55 Ϫ/Ϫ mice. Consistently, decreased Trp and increased Kyn levels in the lungs from iNOS Ϫ/Ϫ and TNFRp55 Ϫ/Ϫ mice were comparable to those observed in the lungs from WT mice infected with T. gondii. Similar findings were observed in the CNS from both iNOS Ϫ/Ϫ and TNFRp55 Ϫ/Ϫ mice infected with T. gondii. These findings indicate that the Trp-Kyn metabolic pathway is active in the absence of functional iNOS or TNFRp55.
Together, the results presented here show a very close association with the in vivo expression of INDO and host resistance to early infection with T. gondii. Thus, IFN-␥ Ϫ/Ϫ and IRF-1 Ϫ/Ϫ mice that lack expression of INDO were highly susceptible to T. gondii infection. In contrast, iNOS Ϫ/Ϫ and TNFRp55 Ϫ/Ϫ mice, which lack or show diminished expression of iNOS (9, 38) , respectively, were relatively resistant to T. gondii especially to infection in the peripheral organs. Therefore, our results further indicate the involvement of an effector mechanism, other than iNOS, which is IFN-␥-inducible and IRF-1-dependent and is essential for control of parasite replication in the peripheral organs of mice infected with T. gondii. However, it is noteworthy that IRF-1 mediates the expression of different genes induced by IFN-␥ and not exclusively INDO and iNOS (3) .
In fact, we have not observed major changes in Trp and Kyn concentrations in the liver and spleen from mice infected with T. gondii. However, we observed an intense parasite replication in these same organs from IFN-␥-or IRF-1-deficient mice. Therefore, our findings suggest that not INDO but another IFN-␥-and IRF-1-dependent effector mechanism may be important for the control of parasite replication in the liver and spleen from mice infected with T. gondii. An alternative hypothesis would be that INDO may be active in some of these organs and play an eventual role in local resistance to tachyzoite replication. However, due to the lower activity and/or eventual problems with metabolites diffusion, variations of its activity are difficult to detect.
Nevertheless, our results show striking changes of Trp and Kyn concentrations and high levels of INDO mRNA expression in the lungs of mice acutely infected with T. gondii. Therefore, it is possible that the Trp-Kyn pathway is implicated in the IFN-␥/IRF-1-dependent, iNOS/TNFRp55-independent immunological control of tissue parasitism in the lungs, which are important sites of parasite replication during acute infection with T. gondii in the intermediate hosts.
